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Introduction:  The proposed Icebreaker mission to 

Mars seeks to find organic biosignatures in ice-rich 
soils of the northern plains, where transient habitable 
conditions might have occurred within the last 1 Myr, 
during high obliquity cycles [1]. The Signs of Life 
Detector (SOLID) Instrument, part of the Icebreaker 
mission science payload, has been developed to search 
for a specific suit of molecular biomarkers using Fluo-
rescence Sandwich Immunoassay (FSI). In a FSI, pur-
posely selected Antibodies (Abs) recognize and bind to 
desired biomarkers or Antigens (Ag) with high speci-
ficity [2]. Abs recognize and bind to a small region of 
the Ag, called the epitope. SOLID extracts by ultrason-
ication the biomarker molecules in solid material into a 
liquid buffer and then they can be detected with an 
antibody microarray (bArray). As such, it and its sam-
ple delivery path are the areas with the greatest need 
for monitoring and prevention of biological contamina-
tion that might affect the scientific data. The only pos-
sible contaminations that can be detected by SOLID 
are molecules that can be captured and identified by 
SOLID’s highly selective antibodies. Although  NASA 
dry heat microbial reduction (DHMR) procedure has to 
be applied at a level per the planetary protection direc-
tives, it does not eliminate terrestrial bio-markers from 
entering the sample path because they are not de-
stroyed by the DHMR temperatures (around 110 ºC).  

Objectives:  The objective is to test efficient pro-
cedures for the removal of complex organic bi-
omarkers and to avoid microbial growth that could be 
detected by life detector instruments like SOLID. 
Therefore, to prevent terrestrial contamination from 
producing unwanted results we need: a) cleaning the 
sample chain and instrument to minimize terrestrial 
biomolecules that may be detectable and preventing 
microbial growth inside the instrument; b) avoid mi-
crobial growth in the liquid buffer. 

Experimental design: a) Cleaning the sample 
chain. Three identical fluidic devices simulating 
SOLID analysis module with tubes and chambers were 
exhaustively cleaned and then contaminated with 107 
Bacillus subtilis spores and 10 µg/mL of the bacterial 
protein GroEL. Then, the liquid was removed by pipet-
ting and with compressed air and different treatments 
were applied: Control (just leave on the bench), Heat-
ing at 110ºC for 50 h (as DHMR), Washing/cleaning 
with sterile ddH20, 5% bleach, 3% H2O2 for 30 min, 

and 96% ethanol. Remains of liquid were removed by 
compressed air and the devices were left dry at ambi-
ent temperatutre in a sterile laminar flow cabin. b) The 
extraction buffer is heat sterilized by autoclaving and 
then a bacteriostatic (0.01 sodium azide) was added. In 
addition, the extraction buffer contains a mild deter-
gent (tween 20) which also contribute to avoid micro-
bial growth. 

Immunoassay and viable spore counting. The “con-
taminants” were recovered by exhaustive washing with 
0.5 mL of SOLID extraction/incubation buffer and 
recovery by pipetting. The recovered solu-
tion/suspension was directly assayed by FSI with anti-
B. subtilis spores and anti-GroEL antibodies [2,3], and 
by viable spores counting through plating serial dilu-
tions on nutrient broth Petri Dishes. 

.  

 
Figure 1. Experimental setup. Three identical multiar-
ray analysis chamber devices were contaminated and 
processed as explain in the text.  
 

Results:  
The recovered samples were analyzed by FSI, and 

the fluorescence intensisty quantified and plotted (Fig-
ure 2). In parallel, serial dilutions were plated on nutri-
ent broth for viable counts. Results showed a strong 
bioburden reduction (nearly 4 orders or magnitude) 
with heat treatment. The chemical cleaning was slight-
ly more efficient (Figure 2, top). Remarkably, the im-
munological assay showed that the spore immunoreac-
tive material after heat treatment was only reduced to 
50% while cleaning method reduced it to less than 
10%. In the case of the bacterial protein GroEL, both 
heat and cleaning showed a strong effect and the im-
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munoreactive material after treatmet was nearly negli-
gible. This indicated that heat denatured the protein to 
the level of destroying the structure of the antibody 
binding sites (mostly 3D structures rather than linear). 

 
 

Figure 2. Effect of heat treatment versus chemical 
washing/cleaning procedure. Fluorescent sandwich 
immunoassays (FSI) to detect B. subtilis spores and 
GroEL protein contaminating the fluidic devices after 
different treatments. Fluorescence is expressed as per-

centage related to the blank control (contaminated but 
not treated afterwards). 

 
 
Discussion: The Icebreaker mission seeks to find 

organic biosignatures in ice-rich soils of the northern 
plains of Mars. It is imperative to develop decontami-
ation procedures to remove any terrestrial target that 	  
could	  be	  detected	  by	  SOLID. The whole sample path, 
surfaces and inner parts (fluidic channels and incuba-
tion chambers) will be exhaustively cleaned with (se-
quentially) sterile water, 5% bleach, 3% sodium hy-
droxide, and ethanol. Herein we have demonstrated 
that this procedure is more efficient than heat steriliza-
tion both for bioburden and biomolecules reduction. 
DHMR only kills cells or denaturalize proteins but 
does not remove them, and these remains can be de-
tected by SOLID. 
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